In this section, the derivation of the quadrupole Hamiltonian in Eq. (1) is described along with the determination of the quadrupole coupling constants. The quadrupole interaction at the relevant nuclei's position is governed by an electric field gradient, which is associated with changes in neighboring atomic positions and in their chemical bonds that is caused by finite lattice strain. The resulting energy shift for a nucleus can then be described by the quadrupole Hamiltonian [1, 2] 
where Z is the quadrupole moment, δ i,j is the Kronecker delta, andÎ i with i, j = x, y, z is ith component of the Pauli spin operator. Here V ij is the electric field gradient tensor, which relates to the elastic strain in the host crystal:
where S ijkl is the fourth-rank tensor that relates the electric field gradient at the nuclei's position to the elastic strain field with the strain tensor ε ij . For a nucleus with I = 3/2, the quadrupole Hamiltonian can be reduced to a 4 × 4 matrix of the form [3] :
where V 2,0 , V 2,±1 , and V 2,±2 are defined as:
In addition, by taking account of T d -tetrahedral symmetry of GaAs, Supplementary Equation 2 can be reduced to Quantification of Supplementary Equations 3 through 5 needs numerical values for the strain tensor components associated with the fundamental flexural motion of the resonator. Hence we perform a finite element method simulation of the motional strain using a commercially available simulator (ANSYS). A doubly-clamped mechanical resonator with a length of 50 µm, width of 6 µm, and a thickness of 1 µm along with the under-etched substrate over which the resonator is suspended are modelled in the simulation as shown in Supplementary Figure 2a . For simplicity, the detailed layer structure consisting the heterowafer as well as thin Schottky electrodes fabricated on the mechanical element are omitted, instead the resonator is imply modelled as pure GaAs. Supplementary Figure 2b shows the six independent components of the strain tensor associated with the fundamental flexural motion. To quantify the quadrupole Hamiltonian at the clamping point, the numerical values are extracted at the point indicated by ε in Supplementary Figure 2a , where the strain tensor is normalized by the displacement x of the fundamental mode measured at the center of the beam (indicated by x in Supplementary Figure 2a) which yields:
From these numerical values, it can be confirmed that the terms V 2,±1 and (V xx − V yy ) in Supplementary Equation 4 are negligibly small compared to the others. As a result, the quadrupole operator normalized by the mechanical displacement x, i.e.Ĵ Q =Ĥ Q /x can be approximated aŝ
whereÎ + andÎ − are the spin ladder operators, and 2 with integer values ν, with some indicated in the right axis, where h and e are the Planck constant and elementary charge, respectively. The orange area corresponds to 3.1 < B0 < 3.55 T, where the resistively detected NMR is performed. d, The time evolution of I sd , after the abrupt application of a constant source-drain voltage V sd = 13.2 mV at t = 0, exhibiting a slow decrease for the first 30 seconds due to dynamic nuclear polarization. Normalized strain [m 
